Objective: Salt reduction is one of the most cost-effective interventions for the prevention of noncommunicable diseases, but there are no studies evaluating the effectiveness of national strategies in low or lower middle income countries. This study aimed to examine the effect of an 18-month nation-wide salt reduction strategy in Samoa.
C ardiovascular diseases (CVDs) are the leading cause of deaths worldwide, and are responsible for 17.5 million deaths each year, or 31% of all deaths [1] . About 75% of these deaths occur in low-income and middle-income countries (LMICs) [2] . Raised blood pressure (BP) is the single leading risk factor for death and disability worldwide, and in low-income and some middle-income regions, the prevalence is rising or constant at a high level [3, 4] . Excess salt intake is a major contributor to raised BP, which in turn increases the risk of CVD [5] . In 2010, excess salt intake was estimated to cause one in every 10 CVD deaths worldwide [6] . Systematic reviews and meta-analyses of randomized trials repeatedly demonstrate that reducing salt intake can lower BP [7, 8] . Some observational studies [9] [10] [11] have suggested increased vascular risks with salt reduction to a low level but the totality of evidence suggests that salt reduction is beneficial for health [7, 8, [12] [13] [14] . As such, salt reduction is amongst the top five priority actions for addressing the noncommunicable disease (NCD) crisis [15] and the WHO has recommended it as a 'best buy' strategy -an action that has high impact, is costeffective, affordable and feasible to implement on a largescale in any resource setting [2] .
Although deaths from CVD have been declining in highincome countries, there have been rapid increases in LMICs; many of these deaths are premature [16] . This results in a substantial economic burden to a country's healthcare system and economy [17] . Despite the potential public health benefits of salt reduction, there has been limited uptake of interventions and implementation research to understand how best to achieve a sustained reduction in salt intake in LMICs [18, 19] . Implementation research can help in understanding what interventions are available, effective and best suited for different contexts [20] . In 2014, only 25% of LMICs (34 of 138) had a national salt reduction strategy, compared with 52% of high income countries [18] . Fourteen of the 34 LMICs with salt reduction programmes are in the Western Pacific Region and the majority (10) of these are in Pacific Island countries and territories where the WHO has been actively supporting salt reduction efforts [21] .
Samoa is a lower middle income country where NCDs are responsible for 70% of deaths and CVDs account for 37% of all deaths [22] . Approximately, 40% of the adult population have raised BP and 54% are obese [22] . Worsening diets and increasing reliance on processed foods are likely to be a major contributor [17, 23, 24] . The Government of Samoa and the Ministry of Health (MOH) recognized salt reduction as a priority action as part of their National Food and Nutrition Policy and strategy for the Prevention of NCDs [25, 26] . The Samoan Government was also one of the first countries to integrate the assessment of salt intake into its WHO STEPS survey as there was no previous population-level data on salt consumption [27] . In 2013, a nation-wide multifaceted salt reduction project was implemented. In addition to measuring and lowering salt intake in Samoa, the project aimed to understand the issues related to implementation so as to bridge the gap between efficacious interventions validated in controlled settings and their effective implementation in the real world. The objective of this study was to assess the effect of the salt reduction strategy on population salt intake and salt-related knowledge, attitudes and behaviours (KABs).
METHODS

Study design and participant selection for surveys
The MASIMA (Monitoring and Action on Salt in Samoa) project used two nationally representative cross-sectional surveys conducted before (2013) and after (2015) the intervention to evaluate the impact of a population-based strategy to reduce salt intake. It was part of a broader research project about the effectiveness of salt reduction in the Pacific Islands [28] . Participants were urban and rural residents aged 18-64 years, who were not pregnant or lactating at the time of the surveys. Households were stratified into four regions by the Samoa Bureau of Statistics -Apia Urban Area, North West Upolu, Rest of Upolu and Savaii -based on the 2011 Population and Housing Census for Samoa. The same stratified multistage cluster sampling method, using probability sampling proportional to size to select enumeration areas, was used at baseline and at 18 months (of intervention) to select samples representative of the target population. The baseline survey was part of a broader WHO STEPS survey, and every fifth STEPS-selected individual was invited to participate in the salt subsurvey.
More information about the baseline survey has been reported elsewhere [29] . Whereas at 18 months, a standalone salt survey was carried out using different survey methods. A total of 94 enumeration areas were selected, comprising 32 clusters from urban areas and 62 from rural areas. Five households were randomly selected from each urban enumeration area and 10 households were randomly selected from each rural enumeration area. Then, for each selected household, one individual who met the criteria was randomly selected using the lottery simple random sampling without replacement technique [30] . All participants provided written consent and the study was approved by the University of Sydney Human Research Ethics Committee (no. 15359), the WHO and MOH, Samoa Health Research Committee.
Multifaceted salt reduction intervention
The multifaceted salt reduction intervention, adapted from the WHO's framework for creating an enabling environment for salt reduction [31] , was implemented from March 2014 to September 2015. The intervention targeted the whole country and had three main goals as described in Table 1 . The strategy was developed and delivered by the MOH, Government of Samoa to ensure it was culturally appropriate. The George Institute for Global Health and WHO provided ongoing technical support and a 2-day training workshop on the implementation of a salt reduction strategy. Two MOH implementation officers were recruited through the project to lead the salt reduction activities ( Table 1 
Sample size calculation
Based on the number of participants at baseline (before exclusions for incomplete demographic information, n ¼ 293), we estimated that a sample of 500 adults at 18 months would provide a power of 80% with alpha ¼ 0.05, to detect a minimum difference of 0.7 g/day (10%) in salt intake, assuming a SD of 3.5. Based on the anticipated response rate of 65%, 780 participants were sampled and invited to participate in the survey at 18 months.
Data collection
At baseline, data were collected by trained researchers as part of the 2013 WHO STEPS survey. The salt monitoring training was undertaken over one and a half days as part of the broader WHO STEPS training programme and included instructions on collecting 24-h urine samples and administering the salt KAB questionnaire. In 2015, other researchers were trained over four and a half days to follow similar data collection protocols. Training included random selection of individuals from the household, obtaining consent, administering the demographic and KAB questionnaire, physical measurements (height, weight and BP), instructions on how to collect 24-h urine samples and a pilot survey.
Randomly selected individuals were invited to take part in the survey and were asked to provide written consent following an explanation of the purpose and procedures of the salt survey. At baseline, as part of the WHO STEPS survey, participants attended fixed sites [church halls, village fales (common Samoan houses or structures for holding meetings)] for data collection, whereas in the survey at 18 months, data collection took place at the participants' home. Researchers administered the demographic and salt-related KAB questionnaire that was based on the WHO STEPS Instrument [27] . Data on age (years), sex (male or female), education (highest level of education completed), employment (main work status over the past year), area (rural or urban as defined by the Samoa Bureau of Statistics), history of hypertension (as previously diagnosed by a doctor or health worker) and use of BP lowering medication (in the last 2 weeks) were collected. The KAB questionnaire included two questions testing the participant's knowledge about the adverse effects of salt and the recommended intake, two questions related to their attitude towards salt reduction and perceived level of consumption and four questions about their salt intake behaviour including discretionary salt use at the table or during cooking. Researchers also undertook measurements of height, weight and BP according to the WHO STEPS protocol [27] . Participants' weight was measured to the nearest 0.1 kg using digital Omron scales and height was measured to the nearest 0.1 cm using Seca portable stadiometers. BP was measured while seated by using a validated automatic BP monitor with an appropriately sized cuff. Three BP measurements were taken and the average of the last two measurements was used for the analysis. Interviewers were instructed to provide participants with a referral form to the health centre and a leaflet about salt reduction if their measured SBP was more than 140 mmHg or DBP was more than 90 mmHg.
One 24-h urine sample was collected from each participant for the measurement of 24-h urinary sodium, potassium and creatinine excretion. Research staff of both surveys were trained to instruct participants to collect 24-h urine using the same protocol with the exception that at baseline, participants were asked to start urine collection at least 1 day after fasting blood glucose and cholesterol measurements were collected for the STEPS survey. On first contact, researchers provided the urine containers and advised participants to start urine collection after discarding the first urine void the next morning, recording start and finish times on the containers. Researchers picked up the urine samples the day after collection and transported them to the laboratory in which the urine volumes were measured. Aliquots from the 24-h samples were then stored in a refrigerator until they were analysed for sodium, potassium and creatinine concentrations. The biochemists who performed the urinary electrolyte measurements were not involved with the implementation of the interventions. A 24-h urine volume of less than 500 ml or a 24-h urinary creatinine excretion of less than 4 or more than 25 mmol in women and less than 6 or more than 30 mmol in men was considered inaccurate and thus excluded from analyses [11] .
Outcome measures
The primary outcome was the difference in mean population salt intake as measured by 24-h urine collection in separate samples in 2013 (pre-intervention) and 2015 (postintervention). Secondary outcomes included the difference in population KABs related to salt intake.
To capture intervention reach, the question 'Have you heard about or seen any promotion regarding the Slash the Salt campaign?' was added to the questionnaire postintervention. If participants answered yes, they were asked how. The potential sources of exposure that could be selected included stickers, radio, television, community events, information leaflet/poster, billboards and friends and family. Mean salt intake was analysed based on the number of different exposures to the salt reduction campaign that participants had heard or seen.
Statistical analysis
All analyses were weighted to reflect the multistage cluster sampling design and the Samoa population distribution based on the 2011 Census [32] . As weighting by the probability of selection (sampling weight) and age, sex and area distribution (population weight) did not address the balance of other demographic characteristics, raking (sample balancing) by the five demographic variables (age, sex, area, education and employment) was undertaken to match the two samples to the Census population [33] . Thus, more exclusions were undertaken to only include participants with complete data on these five demographic variables in the main analysis.
A survey-adjusted linear regression (accounting for strata and cluster effects, with raking weights and finite population correction factor) was used to determine the difference in salt intake and potassium intake between baseline and 18 months. A crude analysis was performed and any variable with indications of association with salt intake and potassium intake (P < 0.20) were included in the adjusted models. The covariates tested were age, sex, area (urban and rural), education, employment, height, weight and urinary creatinine excretion. The change in the proportions of the population above 5 g/day of salt (the WHO recommended amount) and 10 g/day were also calculated. Similarly, survey-adjusted logistic regression was used to measure change in salt knowledge, attitudes and behaviour between baseline and 18 months. Covariates included in the model include age, sex, area, education, employment, height, weight and history of hypertension.
Various sensitivity analyses were conducted to examine the robustness of the conclusions of the primary analysis. Other methods were used to adjust for potential inaccurate 24-h urine collections. We explored the change in the sodium-to-creatinine ratio (Na : Cr) and sodium-to-potassium ratio (Na : K) between baseline and post-intervention to account for any variation in urine completeness [34] . Subgroup analyses were also undertaken to determine the change in salt intake by different urinary creatinine excretion and urine volume categories, which are indicators of the completeness of 24-h urine collection.
Statistical analyses were conducted by using STATA IC version 13.0 for Windows (StataCorp LP, College Station, Texas, USA) and SAS 9.3 (SAS Institute, Cary, North Carolina, USA) for the analyses. Results are reported as mean, SD, standard error (SE) and 95% confidence interval as appropriate. All analyses were two-sided, and P less than 0.05 was considered significant.
RESULTS
Sample characteristics
There were 500 randomly selected individuals at baseline of whom 71.2% consented and provided urine samples. After exclusion of persons with suspected inaccurate urine collection based on pre-established criteria (63) and incomplete demographic information (59), 234 participants were eligible for analysis at baseline (Fig. 1) . At 18 months, 780 participants were randomly selected of whom 82.3% consented and provided urine samples. After exclusion of inaccurate urine collection (161) and incomplete demographic information (2), 479 participants were eligible for analysis. Table 2 shows the demographic characteristics of participants at baseline and at 18 months unweighted, weighted by age, sex and area distribution and raked to match the Samoa adult population. Prior to weighting, the two samples at baseline and 18 months were significantly different in terms of age, area, education and employment (P < 0.011 for each). After weighting by age, sex and area there were still significant demographic differences in the distribution of education and employment (P < 0.05 for each) between the two samples.
Following raking (sample balancing) by all demographic variables, there were some significant differences between the samples at baseline and 18 months. At 18 months, participants had higher mean urinary volume (P ¼ 0.016), higher mean DBP (P < 0.001) and more reported being diagnosed with hypertension by a doctor or healthcare worker (P < 0.001) ( Table 2 ). There were no significant differences in average population height, weight, BMI and SBP between participants at baseline and 18 months ( Table 2) .
Change in population salt intake
There was no significant difference in mean salt intake (P ¼ 0.588) as measured by 24-h urinary excretion after raking the samples and adjusting for potential confounders ( Table 3 ). The adjusted mean population 24-h urinary salt excretion for Samoan adults aged 18-64 years was 7.31 g/day (SE 0.30) at baseline and 7.50 g/day (SE 0.19) at 18 months. There was also no significant difference in the proportion of the population meeting the WHO 5 g/day target (P ¼ 0.672) and those exceeding 10 g/day of salt (P ¼ 0.555) pre-intervention and post-intervention. Subgroup analyses demonstrated that the intervention had no statistically significant differential effect between men and women (P for interaction ¼ 0.317) or the urban and rural area (P for interaction ¼ 0.281). There was no evidence of association between SBP or DBP with salt intake at baseline, 18 months or combined in an adjusted regression with age, sex, area, education, employment, height, weight and potassium (P > 0.138 for each) (Supplementary file 1, http://links.lww.com/HJH/A832). Adjusted population urinary potassium excretion was 55.30 mmol/ day (SE 1.52) at baseline and 60.61 mmol/day (SE 2.28) at 18 months, however, the difference was not statistically significant (P ¼ 0.059). Table 4 shows the results from sensitivity analyses. There was no change in adjusted Na : Cr ratio (P ¼ 0.989) and a non-significant change of À0.27 in the Na : K ratio (P ¼ 0.104) ( Table 4 ). The analysis of change in salt intake based on different groups of urinary volume and creatinine representing different levels of urine collection completeness (group 1: <25th percentile, group 2: 25-75th percentile, group 3: >75th percentile) also showed no significant difference in salt intake between baseline and 18 months in each category (P > 0.179 for each urine volume group and P > 0.651) ( Table 5 ).
Change in salt-related knowledge, attitudes and behaviours Table 6 shows the changes in knowledge, attitude and behaviours towards salt reduction between baseline and 18 months when adjusted for covariates. There was a significant increase in the proportion of participants who understood that high salt consumption could cause serious health problems (from 81 to 90%, P ¼ 0.049) and several improvements in self-reported behaviours related to salt intake. These included a decrease in the proportion of participants who always or often add salt to food when eating (from 50 to 33%, P ¼ 0.002) and who always or often ate processed foods (from 60 to 49%, P ¼ 0.020) and an increase in the proportion who reported using one or more methods to control their salt intake (from 73 to 93%, P < 0.001), particularly through the use of spices rather than salt in cooking (from 48 to 76%, P < 0.001). However, there was no change in the proportion of participants who knew the recommended daily salt intake was less than 5 g (22 vs. 20%, P ¼ 0.638) or in the proportion of participants who thought that they consumed too much salt and that lowering salt was important in their diet (P > 0.183 for each). There were reductions in the proportion of the population who reported controlling their salt intake through either checking the sodium on packaged food labels (from 43 to 29%, P ¼ 0.015) or avoiding eating out (from 62 to 40%, P < 0.001) (Fig. 2) .
The measure of the campaign's reach showed that 73% of participants were exposed to salt reduction messages from one or more sources. After adjusting for potential covariates, those who heard or saw the salt reduction 
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DISCUSSION
The current study found no change in average population salt intake after an 18-month nation-wide salt reduction strategy in Samoa. There were, however, reductions in reported discretionary salt use when eating, improvements in some salt-lowering behaviours and increased knowledge about the adverse health effects of excess salt intake. The intervention also achieved widespread reach, with almost three of four adults recalling that they had heard or seen the salt reduction campaign. This suggests that the foundation for further interventions and improvements is now in place and increased efforts to improve the food supply and environment would likely benefit the Samoan population, given the high and rising burden from hypertension and dietary risks [22, 35] . There are several possible explanations for why the study did not find any change in population salt intake after the 18-month intervention. First, the surveys undertaken at baseline and 18 months were independent and used methods that resulted in recruited samples with substantially different demographics and clinical characteristics. Some of these differences are likely to be associated with behaviours related to salt intake and may have confounded the measure of outcomes. Despite efforts to ensure that random, nationally representative samples were chosen at each time point, methodological differences related to the baseline survey being part of the STEPS survey may have affected the final sample and the measurement of salt intake. This is reflected in significant differences in age, area (rural vs. urban), education and employment between the two samples prior to weighting or raking. Although raking was conducted in an attempt to adjust for differences in demographic factors and adjustments were made to account for potential confounders in the regression model, it was likely to be not effective and there was residual confounding. This is indicated by the significantly higher average DBP, higher proportion of people diagnosed with hypertension and higher average urine volume at 18 months compared with baseline even after adjustments. Non-identical data collection procedures at baseline and 18 months, such as the measurement of BP in different environments (e.g. in fixed sites with proper set up at baseline compared with participants' home at 18 months) may have also contributed to the differences observed in BP. It is likely that the significant increase in mean DBP was an anomaly and these methodological issues may explain the lack of association between SBP or DBP and salt intake found in our study. This highlights the challenges of implementing consistent sampling and survey methods at different times, despite rigorous training for researchers conducting the surveys. To observe trends in salt intake over time, it will be crucial that the next WHO STEPS survey in Samoa, scheduled to take place in 2018, replicates the 2013 survey protocols. The second potential explanation for a null effect is related to limited intervention dose and duration. Previous successful national programs in the United Kingdom, Finland and Japan were implemented over at least 5 years [18, 36, 37] . Although the 18-month intervention made important progress in terms of influencing policy in Samoa, there was not enough time for the changes to take effect. For example, although a Food Act has been passed and maximum salt limits for foods will be included, the regulation is yet to be implemented and enforced. Therefore, it is unlikely that any changes in the sodium content of foods have occurred to date. This means that this study only assesses the effects of the awareness campaigns and community engagement initiatives -strategies which aim to change individuals' behaviours. These behaviour-change interventions have been important, particularly as there was no previous public education about salt reduction and salt added by the consumer during cooking or eating is still a major source of salt in the Samoan diet. Although they have likely led to some of the improvements in salt-related knowledge and behaviours, previous reviews suggest these interventions alone are unlikely to have a substantial impact on population salt intake [19, 38] . Complementary structural interventions that create a healthier food supply and environments that support lower salt intake such as reformulation to reduce salt content in foods, fiscal, trade or healthy food procurement policies are needed to ensure a substantial and sustained impact [18, 19] . The intensity of the behaviour-change interventions may also not be enough to influence the population's usual salt consumption, as the mean number of sources of exposure to the campaign was 1.37. This is consistent with a recent review, which suggested programmes that utilize several delivery modes to reach the wider public in conjunction with in-depth education delivered to specific groups were more effective in improving salt reduction behaviours [38] . In addition, there were some evidence to suggest behaviour-change interventions based on theoretical frameworks such as Communication for Behaviour Impact or the PRECEDE-PROCEED were effective in reducing salt intake [38] . Future implementation research should consider the intervention dose and structural initiatives that are timely and feasible, particularly in lower resource countries.
A third explanation is that a secular upward trend in salt consumption overwhelmed any intervention effect and that salt intake levels in Samoa were already relatively low compared with other countries [39, 40] . The study did not include a control population so the impact of the secular trends could not be captured. Samoa, like many Pacific Island countries, is still in a stage of nutrition transition from traditional foods such as starchy root vegetables, coconut, fish and fruits to a diet of refined cereals, meats, fats, canned and processed foods that are higher in salt [23, [41] [42] [43] [44] . Previous studies in other Pacific Island countries have found such dietary changes towards a westernized diet have been linked with increasing salt intake [43, [45] [46] [47] [48] . The proportion of the population that reported avoiding eating out decreased significantly. This is a potential indicator of changing diets and urbanization which is further supported by data from the MCIL in Samoa, which showed that the number of restaurants had increased from 160 in 2013 to 210 in 2015, a 31% increase over the duration of the study, mostly in the urban region (Supplementary file 2, http://links.lww.com/HJH/A833). This could also be one of the contributors to the rising trend in BP amongst Pacific Island countries [4] . This suggests that continued efforts to reduce salt intake and improve nutrition through structural interventions and policies are even more crucial in LMICs like Samoa that are undergoing a nutrition transition [23] . These structural interventions should also consider the additional complexities that these countries may face such as heavy reliance on imported foods, food insecurity and undernutrition [43] .
It is likely that a combination of these explanations resulted in a null effect in population salt intake following the intervention in Samoa. These reasons for a null effect are common amongst community-based prevention programs and have been identified in a review of 32 health promotion programmes [49] . Furthermore, a recent Cochrane review found that in 10 countries with national salt reduction strategies, five had a significant decrease in salt intake but three (Austria, Netherlands, and United States) had no change and two (Canada and Switzerland) had an increase in salt intake [19] . Similarly, some suggested reasons for no reduction in salt intake include a lack of structural interventions and short intervention duration. These studies, nevertheless, provide important findings about the feasibility of implementing and evaluating large-scale salt reduction strategies and building our understanding of the challenges faced in the real world. An important limitation of the study is the uncontrolled pre-intervention and post-intervention study design. This meant the study was unable to account for other factors that could potentially affect salt intake and causal inferences cannot really be made. However, it was not feasible to implement a national strategy comprising of national policies and communication activities as part of a controlled trial. The incorporation of the baseline salt intake measurement in the STEPS survey caused methodological differences in sampling and survey procedures; however, it ensured greater efficiency of resources, regular surveillance and international comparability. The next STEPS survey in 2018 will provide more comparable sampling and survey methods. Another challenge was the complexity and burden associated with the use of 24-h urine collection to measure salt intake in low-resource settings. This is reflected in the high number of urine samples that were excluded based on a pre-established criteria for suspected inaccurate collections. This also made it difficult to achieve a large enough sample (and therefore, statistical power) to detect a modest change in salt intake. Despite the use of a pre-established criteria to exclude suspected incomplete urines, there was still a significantly higher mean urine volume of 165 ml at 18 months compared with baseline and a borderline significant increase in mean urinary creatinine of 1 mmol (P ¼ 0.07), which suggests there may be more under-collection at baseline, which can affect the comparability of the measurements. This highlights the complexities of collecting 24-h urine particularly in lower resource settings and the need to develop innovative methods of measuring salt intake that are less burdensome, complex and costly. This would also allow programmes to give greater focus, resource and funds to the implementation of interventions.
Although there were some limitations, the strengths of the study are that it is nationally representative, the gold standard method for measuring salt intake was used, indepth analyses were undertaken to adjust for known confounders, multiple indicators were measured and the data collection tools and processes used were part of the WHO STEPS resources, so the findings are internationally comparable. Our study adds important and transferrable findings about the real-world implementation and evaluation of large-scale salt reduction interventions in lower resource settings.
In conclusion, the high and increasing burden of dietrelated illness and hypertension in Samoa and similar Pacific Island countries requires urgent action [4, 35] . Although the MASIMA salt reduction strategy did not change population salt intake, there is now widespread awareness of the salt reduction message, increased knowledge of the adverse health effects and improvements in saltrelated behaviour. This places Samoa in a good position to implement much-needed structural interventions and policies that will lower salt in the food supply and environment. Accelerated efforts and regular monitoring particularly through the STEPS survey are required longterm to achieve the WHO recommended salt target of less than 5 g/day and minimize diet-related diseases. Future research in innovative methods of measuring salt intake that are less burdensome, complex and costly are also vital in allowing lower resource countries to give greater focus to the implementation of interventions.
Reviewers' Summary Evaluations
Reviewer 1
The manuscript entitled "Effects of MASIMA: a nationwide strategy to reduce salt intake in Samoa Short title: Salt reduction strategy in Samoa" by K. Trieu et al. is an interesting study dealing with salt intake reduction in Samoa's population. The results are quite surprising.
Reviewer 2
Trieu et al report results of two nationally representative crosssectional surveys aiming examining the benefit on salt intake of a 18-month nationwide salt reduction strategy in Samoa. They report no effect on urinary sodium excretion as a gold standard evaluation of salt intake despite some improvements in saltrelated knowledge and behaviors following the intervention. Although with mainly negative results, the manuscript is interesting and well written but deserves some criticisms.
